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@ Method of forming reinforced box-sectlon frame members. 

© Forming hollow, box-section, frame mernbers 
Vnch include localized reinforcement. frame 
members are produced by fitting a sleeve 1 1) abou 
a tube (10). deforming the tube (10) and sleeve (11) 
to avoid the occurrence of pinching on closmg of di© 
sections about the deformed tube and sleeve m a 
sectional die, and then expanding the tube ana 
Steele Tn the die to form the hollow, box-secftoq. 
ame member in which the sleeve (11) is mechan.- 
caliy locked on an inwardly offset 'nte^mf ^ P^;^ 
tion (14) of the tube (10). The expans.on is achieved 
by application of an internal pressure within the tube. 
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METHOD OF FORMING REINFORCED BOX SECTION FRAME MEMBERS 



This invention relates to a method of forming 
hollow, box-section, frame members which include 
localized reinforcement. 

Hollow, box-section, frame members are fre- 
quently required in many applications. These frame 
members are normally substantially rectangular in 
cross-section but have smoothed corners as sharp 
comers are potential weak spots. Furthermore, in 
many applications, it is often required that these 
frame members are curved in their length. The 
curved region of the frame member is often the 
weakest area of the frame member. This weakness 
results from stresses incurred while bending the 
frame member into its curved shape. However, in 
many applications, it is required that the frame 
member is sufficiently strong throughout its length. 

Our European patent application No. 85 
306675.1 filed September 18, 1985 describes a 
method in which a tubular work piece or blank may 
be formed into a hollow, box-section, frame mem- 
ber. In this method, a tubular blank is first bent into 
a required curved shape. Then, the curved blank is 
placed in a prefomiing die to deform the sidewalls 
of the blank. The sidewalls are then inwardly re- 
cessed and concavely curved in areas correspond- 
ing to the areas that will form proposed planar 
sidewalls in the final frame member. This allows 
the deformed blank to be placed in a final die. 
which has a cavity corresponding to the desired 
cross-sectional shape of the final frame member, 
and the die to be closed without pinching the wall 
of the blank. The blank is then expanded by an 
internal fluid pressure which exceeds the yield limit 
of its sidewall. The sidewall thus expands outwardly 
to conform to the interior of the final die cavity. The 
method thus provides a convenient method of for- 
ming hollow, box-section, frame members. 

Our European patent application 88 304115.4 
filed on May 6, 1988. discloses an improvement to 
this basic method. As noted above, the preforming 
step in the original method is required to prevent 
the incidence of pinching of the blank within the 
final die. This pinching results from frictional drag 
exerted on the blank by the surface of the die 
cavity. In this latter application, the frictional drag is 
overcome by pressurizing the blank with an internal 
fluid pressure less than the yield limit of the 
sidewall of the blank before closing the die sec- 
tions. As the die sections are closed, the internal 
pressure causes the sidewall of the blank to bend 
evenly into the comers of the final die. The sidewall 
of the blank thus slips over the die cavity surface 
and avoids the pinching problem. This improve- 
ment of the original method avoids the need for a 
preforming die. 



Although the above-described methods solved 
many of the problems associated with the manu- 
facture of hollow, box-section frame members, the 
frame members thus produced are not provided 
with localized reinforcing to prevent weak spots. 
Accordingly, it is an object of this invention, to 
provide a method of forming hollow, box-section, 
frame members which include localized reinforcing. 
This invention provides a method of forming a 
10 box-section frame member which has a reinforced 
area and of which at least an elongate portion is of 
uniform cross-section having at least two generally 
opposed and planar sides, the method comprising: 
providing a tube and a tubular sleeve within which 
'S the tube can be received, the tube and sleeve each 
having a similar continuously smooth, arcuate 
cross-section; positioning the sleeve about the lube 
in an area of the tube to be reinforced; deforming 
the tube and sleeve in a preliminary step in which 
20 the sidewalls thereof are deformed inwardly in op- 
posed areas of an elongate portion thereof which 
generally corresponds in position to the planar 
sides of the product frame member to provide the 
tube and sleeve with a continuously smooth ar- 
25 cuate cross-section having generally opposed, in- 
wardly deformed, side walls: enclosing the de- 
formed tube and sleeve within a sectional die hav- 
ing at least two co-operating die sections which 
define an elongate passage of approximately the 
30 same elongate shape as the tube and sleeve and 
which is throughout of smoothly continuous cross- 
sectional profile having an at least approximately 
linearly profiled portion adjacent and parallel to 
each concavely curved side wall portion of the tube 
35 and sleeve, all transverse dimensions of the pas- 
sage being at least equal to or larger than the 
deformed tube and sleeve; expanding the blank 
circumferentially by application of an internal fluid 
pressure until all exterior surfaces of the tube and 
40 sleeve conform to the profile of the die passage 
and the sleeve is mechanically locked to the tut>e; 
and separating the die sections and removing the 
product reinforced frame member from the die. 
An embodiment of the invention is described. 
45 by way of example only, with reference to the 
following drawings in which: 

Figure 1 illustrates a cylindrical lube and a 
cylindrical sleeve for the tube; 

Figure 2 illustrates the tube and sleeve of 
so Rgure 1 with the sleeve located about a localized 
portion of the tube: 

Figure 3 illustrates the sleeve and tube of 
Figure 2 bent along their lengths into a desired 
curved form; 
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Figure 4 illustrates, in cross-section, a de- 
formed tube and sleeve: tnhfl of 

Figure 5 illustrates the sleeve and tube of 
Figure 3 formed into a box-section frame "member; 

Figure 6 illustrates an exploded and expand- 
ed view of the portion circled at 6 in Figure 5 
th'L Icfanic al lock between the tube and 

''""S'e 7 Illustrates, in cross-sectlon. the 

a cylindrical sleeve 11 are Illustrated. The mne 
diar^eter of the sleeve Is such that the cyhndr.ca 
?ube 10 may be slid easily into ^leeve^ How 
ever the outer diameter of the cyl.ndr.cal tube 10 
f« nrs erablv only just smaller than the inner diam- 
eterlf th^cytcJrical sleeve 11. Therefore, the 
Se 10 need'not be expanded greatly before -ts 
outer surface matches the outer 3"rface of^he 
sleeve. Figure 2 illustrates the lube 10 inserted 

within the sleeve 11. ^ inhs 10 of 

The assembled sleeve 11 and the tube 1 0 ot 
Rgure 2 may be bent along their leng hs to ^-ta n 
a desired shape. In the embodiment • "f ^ m 
FiQure 3. the tube 10 and the sleeve 11 are bent 
rrapproximately an "S" configuration w.th the 
• bends being in the region of the sleeve. The shape 
0 the bend is the shape desired ^-^-^^X 
frame member. The bending operation may be 
neriormed by using conventional bending proce- 
Sures or example mandrel bending, or streteh 
bending. These bending procedures are generally 
S known in the art and will not be descnbed .n 
i in this specification. However in essence^ n 
mandrel bending an internal -^a^-^^' ' ".id 
in stretch bending no internal mandrel .s used. 

In mandrel bending, the minimum radius of the 
bend tJIt may be imparted to a cylindrical tube is 
2p^)it^atVt.lce the diameter of ^^^^^-^l 
Se minimum distance between adjacent bent por 
tions s approximately one tube diameter Further 
more a aoss-sectional area reduction of about 5% 
S usuall^achieved. In stretch bending, a mlnirnum 
bend radius is approximately three ^^^^^^^^ 
eter of the tube, while the minimum distance be 
^en adiacent bends will ba approximately o^^^^^^ 
half of the diameter of the tube. Usually, a cross 
Clonal area reduction of about 15% is achieved. 
""Tn this embodiment, it "'s P-^^^'^ ^^^Jfo 
mandrel bending. The sleeve 11 ^"^J'^^^;"^^^^^^^^ 
are bent at the same time and while the sleeve 
covers the portion of the tuba to be be"t ^Jhe 
event that the portion to be reinforced is desired to 



ing the tube. Considering preforming fi st a su.^ 
able preforming die is well described '"j^e above 
mentioned European patent aPfMication Na 85 
306675.1 and will not be described in detail m tNs 

gated tubular passage. This passage is approx. 
mately hourglass shaped in cross-section. When a 
Zbe 10 and a sleeve 11 are located w.thm the 

20 the tube 10 are approximately hourglass shaped .n 

Sous and gently rounded cross-sectional p^e 
during all steps in the fomning process, t has b^n 
?ound'that th-is inhibits formation PC'"*« °^^^:^^,^3 
30 when expanded in the subsequent ^"^1 d^e. This 
'° racilitates the production of a box^ectlon frame 
member with good mechanical strength. ^ 

At this stage, the tube and sleeve may be 
subie tld to expansion in the final die. proce- 
35 dure and the die In which the P^cedure tjk^^ 
place is well described in ^y^^^^^^e^^f 
European patent application No. 85 306675^^^ 
Briefly, however, the die consists of upper and 
lower halves each having a recess formed into one 
,0 Sde thereof. When the two halves are joined, the 
Sesses complement one another to form an elon- 
Sed pasTa^e of substantially rectangular cross- 
SSfon' prlferably. the comers of the recUng^ara 
smoothly curved. The elongated P^^^^Q^^'"^^ .^^ 
,s cTi^ed in its length so as to correspond to the 
' deSSd curves of the frame ^-"^^^^■J'^^J^^:. 
' the tube located within the passage are then seal 
ed Hquid hydraulic fluid is then '"i^cted thro;.^ 
one of the seals to internally P^«=^""^\^'^fjf.^ 
50 and sleeve. The internal pressure is sufficient to 
Land the sidewall of the tube, and to expand or 
To^tlrdly deform the sidewall of the sleeve^ 
evenly into conformity with the substan^aUy 
rictangularly-shaped passage. The P^od^ctja^ 
ss member has a cross-sectional shape sub st^^ally 
as illustrated in Figure 7. The P-'^f^^V^f the tube 
. exceed the yield '^-^ ^^et' ^Is^^ 
and, if necessary, of the sleeve. ini& h 
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depends on the thickness of the sidewalf of the 
matenal being expanded as well as on its nature or 
composition. However, the pressure may be in the 
region of 20.000 kPa (3.000 psi). The upper and 
lower halves of the die are held together with 
sufficient force to prevent any movement during 
expansion of the tube. This expansion procedure 
produces a box-section frame having localized re- 
nforcing to a very high degree of accuracy, uni- 
formity, and repeatability. 

Instead of placing the tube and sleeve in a 
preforming die. the tube may be pre-pressurized 
by sealing the ends of the tube and injecting liquid 
hydraulic fluid through one of the seals into the 
tube. This method is better described in the above- 
mentioned European patent application No. 88 
304115.4. The internal fluid pressurizes the tube to 
a pressure below the yield limit of the sidewall of 
the blank or tube. The pressure is selected so that 
on closing of the two halves of the final die. it is 
sufficient to overcome frictional drag exerted by the 
die halves on the sleeve and on the tube. It is 
convenient to lay the tube and sleeve within the 
recess of one die half, internally pressurize the 
tube, and then close the other die half on to the 
first die half. On closing of the die halves, the tube 
and sleeve are inwardly deformed as their upper 
and lower sides engage the surfaces of the die 
- recesses. This compression urges the lateral sides 
of the tube and sleeve laterally outward to a point 
where a lateral portion of the tube and sleeve 
engages the sides of the die passage. This engage 
ment occurs almost simultaneously with the closing 
of the two die halves on to each other. Therefore 
pinching of the tube and sleeve between the two 
die halves does not occur. The internal pressure 
required to prevent pinching of the tube and sleeve 
within the die may be readily determined by trial 
and expenment for given dimensions and configu- 
rations. Typically, the pressure will be approxi- 
mately 2.000 kPa (300 psi). At this stage, the upper 
and lower sidewalls of the tube and sleeve are 
deformed inwardly but the tube and sleeve both 
maintain a continuously smooth arcuate cross-sec- 
tion. The tube and sleeve may then be fully ex- 
panded to form a reinforced, box-section frame 
member as described above. One advantage of 
this improvement is that only a single die is re- 
quired for both preforming and final expanding. 

After completion of the expansion step, the 
pressure is released, and the hydraulic fluid is 
pumped out of the interior of the deformed tube 
The upper and lower halves of the die are then 
separated and the final product is removed from 
the die. 

In the expansion process, the areas 14 of the 
tube 10 which are surrounded by the sleeve 11 
expand radially outwardly to an extent less than 



those areas of the tube not surrounded by the 
sleeve. In fact, the difference in extent of expansion 
IS the thickness of the sidewall of the sleeve ll 
This is clearly illustrated in Figure 6. Thus, the box- 
section frame member produced by this process 
has a substantially continuous, uniform, outer sur- 
face although a small discontinuity 15 occurs in the 
surface at both ends of the sleeve 11. The tube 10 
includes an area 14 which is inwardly offset the 
thickness of the sleeve over a length approximately 
the same as the length of the sleeve 1 1. The offset 
portion receives and engages the ends of the 
sleeve 11 and securely locks the sleeve 11 to the 
tube 10. Therefore, the final product is a locally 
- reinforced box-section frame member which is sub- 
stantially continuous and uniform in its outer sur- 
face and is mechanically sound. 

The starling material tube preferably is se- 
lected so that the circumference of the final prod- 
20 uct frame member is at no point along its length 
more than 5% larger than the circumference of the 
starting tube. At least with the readily available ' 
grades of tubular steel, if the tube is expanded in 
circumference by more than about 5%. there is a 
25 tendency for the material of the sidewall of the tube 
or sleeve to excessively weaken or to crack. Ex- 
pansions of the tube circumference of up to about 
20% may be performed if the material of the tube 
IS fully annealed, however it Is preferable to use 
30 metal which has not been pretreated in this man- 
ner. The sleeve 11 may be of the same circum- 
ference or less than the circumference of the final 
product. The sleeve 1 1 may be. for example, of the 
same material as the tube 10. e.g. SAE lOiO steel 
3S or may be. for example, any material which is 
sufficiently ductile that it may be expanded to a 
circumference which is 5-10% larger than its origi- 
nal circumference. The tensile properties of the 
sleeve material may be. for example, lower or up to 
40 30% greater than that of the tube as the expansion 
required to lock the sleeve to the tube may be 
performed on the tube without expansion of the 
sleeve itself. 

It will be appreciated that many modifications 
45 may be made to the embodiment without departing 
from the scope of the invention' as set forth in the 
appended claims. For example, the starting tube 
and sleeve may be of elliptical cross-section rather 
than circular cross-section; the tube and sleeve 
50 may be bent into a curved shape after they have 
been formed into a box-section frame member; and 
the cross-sectional shape of the box-section frame 
member may be trapezoidal, hexagonal or of any 
suitable polygon cross-section. 
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1 A method of forming a box-sect.on frame 
member having a reinforced area and of wh^h at 
SasVan elongate portion is of uniform cross-sec- 5 
tbn having at least two generally opposed and 
Inar sides, characterized by providing a tube (10) 
S a tubular sleeve (11) within which the ube can 
be received, the tube and sleeve «ach havmg a 

:rof ^hetbe to reinforced: deforming the 
ube 1 Sleeve in a preliminary step in wh,ch the 

rame member to provide the tube and sleeve w,th 

iCi Wn a sectional die having at least two co- 
roerX die sections which define an elongate 
D2 a7of approximately the same elongate shape 
as *e tube.and sleeve and which is throughout of - 
Loth continuous cross-sectionai profile havrng 
an at least approximately linearly profiled port on 
Siacent and parallel to each concavely curved 

Portic^ Of the tube and s.e-e ^ 
verse dimensions of the passage being ^at 'eas^ 
equal to or larger than the deformed ube^d 
sleeve- expanding the tube (10) circumferertiall^ 
by application of an internal fluid Pressure unt, a 
exterior surfaces of the tube (10) and sleeve (1) 
confo^ to the profile of the f Pf ^^f JJ^^J^ 
sleeve (11) is mechanically locked to me ^^'J^ 
separating the die sections and 'e^noving the prod- 
uct reinforced frame member from the die. 

2 A method according to claim 1 character zed 
in that the preliminary process to deform he tube 
and sleeve comprises enclosmg the tube 10) and 
.iioeve (11) in a preforming die in which the side 
Ss of the tube and sleeve are deformed inwardly 
provide the tube and sleeve with a corrtm^o"^ 
smooth, arcuate, cross-section having ge"^rally op. 
posed, inwardly recessed, concavely curved, side 

an internal fluid pressure to the tube (10) at least 



outward between adjacent mating surfaces of the 
Ste and less than the yield limit of the wall (13) of 

^''f A method according to claim 1 2 or 3 
mately uniform cross-section. _ 

Ureart, pro«led portion of>e d,o passags .s rac 

posite sides of the rectangular cross-sect,on of the 
^-rA^e^racrording to claim 1 w.ch in- 
cludes the step of bending the tube (10) and 
Sleeve (1) along their lengths after positioning ^e 
sleeve Ibout the tube but before deforming the 
5 tube and sleeve (Fig. 3). 
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(g) Method ol forming reinforced box-section frame members. 

(S\ Forming hollow, box-section, frame members which 
WcMe localized reinforcement. The f^me rnembers are 
produced by fitting a sleeve (11) about a tube (10). deforming 
the tube (10) and sleeve (11) to avoid the owurrence of 
pinching on closing of die sections about the deformed tube 
and sleeve in a sectional die, and then expanding the tube and 
sleeve in the die to form the hollow, box-section frame member 
\n which the sleeve (11) is mechanically locked on an inwardly 
offse intermediate portion (14) of the tube (10). The expansion 
IS achieved by application of an Internal pressure within the 
tube. 
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